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What is Beam-Sharing?
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~Hours to Days Design Dependent Always Always

Beam-sharing is the means by which multiple spacecraft can make 

simultaneous use of a single ground antenna for downlink, uplink, 

or both downlink and uplink.

In order for beam-sharing to work, all of the participating 

spacecraft need to reside within the half-power beam-width of 

the antenna during the beam-sharing session.

https://crossmark.crossref.org/dialog?doi=10.2514/6.2016-2625&domain=arc.aiaa.org&uri_scheme=https:&cm_version=v2.0


Why is Beam-Sharing Important?
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~Hours to Days Design Dependent Always Always

In general:  to allow the DSNôs limited number of antennas to simultaneously service more spacecraft.

More Small Spacecraft Customers New Human-Mission Customers

More Customers at Destinations Frequently In View 

of the Same DSN Complex at the Same Time

During some planned Artemis missions, up to 4-5 

elements may need simultaneous communications ï

which could occupy all the in-view antennas at a 

Complex.  ~1/3 of the time, Mars will be in the same 

portion of the sky with its spacecraft needing some 

antennas as well.  Being able to most of the Mars 

spacecraft beam-share via a single antenna would help 

minimize potential contention with the human elements.

NASA is planning for increased use of 

smallsats for performing high priority 

innovative science, supporting human 

exploration, demonstrating disruptive 

technologies, and ensuring regular 

access to space.

NASAôs human lunar exploration plans 

add new customers with multiple 

elements that have special, sometimes 

simultaneous, coverage requirements.

https://crossmark.crossref.org/dialog?doi=10.2514/6.2016-2625&domain=arc.aiaa.org&uri_scheme=https:&cm_version=v2.0


Where Does Beam-Sharing Work Best?
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~Hours to Days Design Dependent Always Always

Everything at Mars or Venus is typically 

within the half-power beam-width of a 34m 

antenna at S- and X-band.  Ka-band has 

some orbital altitude dependence when the 

planets are closer to Earth.

Concentrations of lunar surface assets such 

as those planned for Shackleton Crater near 

the Moonôs south pole would be in-beam.

If designed to be in-beam, 

constellations of 

spacecraft or flotillas of 

unaffiliated spacecraft 

would be applicable.

Spacecraft at more 

distant planetary 

destinations will 

always tend to be 

in-beam.

Artemis secondary 

payload deployments will 

be in-beam for many 

hours to days, depending 

upon when each 

spacecraft executes its 

TCMs.  Beam-sharing 

would apply similarly to 

other types of secondary 

payload deployments.



What are the Various Types of Beam-Sharing?
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Link Direction Beam-Sharing Type DSN Status

Downlink Multiple Spacecraft Per Antenna (MSPA) Operational

Downlink Opportunistic(OMSPA) Currently Being Implemented

Uplink Serial Uplink Swapping Operational

Uplink Multiple Uplinks Per Antenna(MUPA) Under Study

MSPA OMSPA Serial Uplink Swapping MUPA
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MSPA (Operational)
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Multiple Spacecraft Per Antenna (MSPA) is a scheduled downlink event where the participating, in-beam 

spacecraft simultaneously transmit down through the same antenna to separate receivers, one for each 

spacecraft.  

Pre-2017 2017-Present Future

Å Enables more spacecraft to simultaneously downlink to the DSN on the same number of antennas.

Å Participating missions receive a discounted aperture fee.
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OMSPA (Being Implemented)

General Concept
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Å Replaces multiple receivers at an antenna with a single 

multi-channel recorder.

Å Makes opportunistic use of someone elseôs scheduled 

pass ïno scheduling conflicts to negotiate away.

Å No aperture fee.

Å No theoretical limit to number of users as long as:

Å NASA/NTIA/FCC frequency assignment process 

adhered to.

Å Adequate recorder channels/ bandwidths available.

Å Data recovery from recorder and subsequent demodulation 

and decoding introduces latency.

Å Hence, primarily applicable to routine science 

downlink.



OMSPA (Being Implemented)

Development History
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2014: OMSPA Demo #1 

Proof-of-Concept Demo
2016-17:  OMSPA Demo #2

Cubesat Deployment Simulation
2018:  OMSPA Demo #3 

Multi-Spacecraft Demo
2018:  OMSPA Demo #4 

DSN-Affiliate Antenna 

2018-19:  OMSPA Demo #5 

Cubesats at Mars

2018-19:  OMSPA Demo #6 

Array in Software Receiver

2018:  DSN OMSPA 

Implementation Pathfinder

2019:  Integrated Testing of 

Prototype Subsystems

12-15-2020

DSN Begins 

Implementation

2020



OMSPA (Being Implemented)

Implementation Approach
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Å Implementation is entirely in 

software.  Uses existing 

subsystems.

Å Service is highly automated 

and provided with no human 

intervention.

Å Customer makes use of 

existing DSN service 

interfaces for submitting 

requests and receiving 

telemetry.

Å No DSN antenna scheduling, 

just selection from the 

systemôs identified OMSPA 

opportunities. 

OMSPA Task Manager:  Jason Liao

DSN Sponsor:  Robert Navarro

922 Manager, TT&C E2E Data Services Office


